The study was conducted to evaluate effects of silage type (grass-red clover vs. pure grass) and grain supplement (oats vs. barley) on rumen fermentation, post-ruminal nutrient flows, diet digestion and milk production. Four primiparous Finnish Ayrshire cows fitted with cannulae in the rumen and duodenum were used in a 4 × 4 Latin square experiment with four 28-d experimental periods and 2 × 2 factorial arrangements of treatments. Using red clover-containing (40%) silage rather than pure grass silage had minor effects on rumen fermentation or diet digestion but increased non-ammonia nitrogen (N) flow in terms of increased flows of microbial and dietary N entering to the small intestine. This was reflected as a reduced ruminal N degradability on grass-red clover diets. Furthermore, grass-red clover diets in comparison to grass silage diets increased milk lactose concentration and yields of milk, protein and lactose. Feeding oats in replacement for barley had minor effects on rumen fermentation or post-ruminal non-ammonia N flows but reduced digestibility of organic matter and neutral detergent fibre in the diet. Using oats rather than barley increased yields of milk and lactose but reduced milk protein concentration. Oats also increased proportions of C 18:0 and C 18:1 in milk fat and reduced those of C 10:0 to C 16:0 . It is concluded that inclusion of red clover and replacement of barley with oats in grass silage based diets have beneficial effects in dairy cow production.
Introduction
The role of N 2 -fixing forage legumes has been relatively minor in conventional milk production since introduction of inexpensive nitrogen (N) fertilisers. Currently forage legumes are primarily used in organic farming. In the long term owing to a potential to save in N fertilisation costs relative importance of forage legumes as a source of nutri-Vol. 15 (2006): 252-267. ents for milk production may increase also in conventional farming. The most profitable forage legume available in Finnish grasslands is red clover (Trifolium pratense), which is usually grown in mixed swards and harvested as silage for the long indoor feeding period. Nutrient supply of dairy cows from forages is affected by stage of maturity, conservation method and plant species. In relation to plant species legumes deviate from grasses with respect to chemical composition and digestibility. Red clover is typically high in crude protein (CP) and minerals while grasses are higher in contents of fibre and sugar. The rate of decline in digestibility of primary growth of red clover is only about 0.25 %-units d -1 compared with 0.5 %-units for commonly used grasses in Finland (Rinne 2000) . Irrespective of the variable responses to silage dry matter (DM) intake with pure red clover silage, red clover either alone or as a part of mixed legumegrass swards has stimulated higher milk production in comparison to grasses (Thomas et al. 1985 , Heikkilä et al. 1992 , Randby 1992 , Tuori et al. 2000 , Dewhurst et al. 2003b , Bertilsson and Murphy 2003 . In some of these studies, use of red clover has led to reductions in milk fat or protein concentrations and changes in milk fatty acid (FA) composition.
Barley (Hordeum vulgare) and oats (Avena sativa) grains are main cereals used for supplementation of grass silage based dairy cow rations in Finland. Oats grain is characterised with high contents of fat and fibre while barley grain is high in starch (MTT 2006) . Using oats rather than barley supplementation on grass silage based dairy cow feeding has increased milk yields but reduced milk fat and protein concentrations (Heikkilä et al. 1988 , Ekern et al. 2003 . Furthermore, analysis of milk fat composition demonstrated that milk fat was softer as judged by the iodine value (Kankare and Antila 1984) , and that the percentage of palmitic acid in milk fat decreased and that of oleic acid increased when barley was replaced with oats (Kankare and Antila 1984, Ekern et al. 2003) .
Although previous data on production responses to red clover or oats diets are available, only limited data is available to explain these effects in terms of rumen fermentation or post-ruminal nutrient flows to the lower tract. The aim of the present study was to compare rumen fermentation and nutrient flows at duodenum, N flow in particular, at similar DM and N intakes between grassred clover and pure grass silage diets supplemented either with barley or oats. Factorial arrangement of the treatments allowed evaluation of possible interactions between the silage type and grain supplement used. Production responses including milk FA composition of cows to dietary treatments were also examined in this study. Preliminary results have been reported earlier ( Vanhatalo et al. 1995) .
Material and methods
All the experimental procedures with regard to the use of animals in the present study were reviewed and approved by the local Animal Care and use Committee.
Experimental feeds, animals and diets
The experimental silages were prepared from secondary growth of meadow fescue (Festuca pratensis) -timothy (Phleum pratense) and red clovercontaining meadow fescue-timothy swards at the Jokioinen experimental farm of MTT Agrifood Research Finland (61°N). The leys were fertilized with 90 or 50 kg N ha -1 and harvested 1 and 7 September, respectively. The previous cuts of the leys were performed 15 and 16 June, respectively. Exceptionally dry periods in June and July delayed harvesting of the secondary growth. The percentage of meadow fescue in the grass sward was 94% while percentages of red clover and meadow fescue were both 40% in red clover-containing sward. The herbage was harvested as direct cut using a flail-type forage harvester and ensiled in tower silos with a formic acid based additive (800 g formic acid kg -1 + 20 g orthophosphoric acid kg
-1 ) applied at the rate of 5.0 l t -1 for grass silage and 5.6 l t -1 for grass-red clover silage. Barley and oats produced Vanhatalo, A. et al. Responses of cows to grass-red clover diets at the same experimental farm were coarsely ground using a hammer mill.
Four primiparous Finnish Ayrshire cows on average 13±2.7 weeks in milk at the start of the experiment were used in the study. The cows were equipped with a rumen cannula and a simple Tpiece cannula in the proximal duodenum. The mean live weight of cows was 529±44.4 kg at the beginning of the experiment, and 539±42.4 kg at the end of the experiment. The study was designed as a balanced 4 × 4 Latin square with a 2 × 2 factorial arrangement of dietary treatments. Cows were fed at the level of production requirements either on grass silage or grass-red clover silage (0.60 kg kg -1 diet DM) supplemented either with barley or oats (0.40 kg kg -1 diet DM). The restricted level of feed intake of each cow was adjusted on the basis of the individually measured ad libitum silage intake during one week before the start of the experiment. Each concentrate contained 53 g kg -1 of a mineral supplementation (Nurmi-Minera, Suomen Rehu Ltd, Helsinki, Finland) containing 170 g Ca kg . The cows had free access to water and they were fed two equal meals at 0600 and 1800. Cows were milked at 0700 and 1700.
Experimental procedures and chemical analyses
Each experimental period lasted for 28 days including a 12-day adaptation period. Feed intake and milk production were recorded daily throughout the experiment, and data from the last 14 d of each period were used for statistical analysis. Representative samples of the experimental feeds were obtained from each experimental period and analysed for DM, ash, CP, neutral detergent fibre (NDF), acid detergent fibre (ADF) and lignin, and as for silage samples also for pH, water soluble carbohydrates (WSC), ammonia N and soluble N, lactic acid and volatile fatty acids (VFA) as described before (Vanhatalo et al. 1992) . Milk samples for determination of milk constituents were taken on four consecutive milkings on days 18-20 and for sensory analyses on two consecutive milkings on days 26-27 of each period. Milk samples were analysed for fat, protein and lactose by an infra-red milk analyser (Milkoscan; Foss Electric, Hillerød, Denmark) and for milk urea and FA composition as described before (Huhtanen and Heikkilä 1996) . Evaluation of the milk flavour by five experienced assessors of MTT Food Research was performed on fresh samples on a scale from 0 to 5, the lowest value representing milk unfit for human consumption and the highest value representing milk of excellent quality.
To assess rumen fermentation, rumen fluid was sampled before the morning feeding and 1, 2, 3, 4, 6, 8 and 10 h thereafter on d 21, and analysed for pH, ammonia and VFA (Vanhatalo et al. 1992) . The flow of nutrients to the small intestine was determined according to the graphic alternative (McAllan and Smith 1983) of the double-marker method (Faichney 1975) . Chromium-mordanted straw and LiCo-EDTA were prepared as described by Uden et al. (1980) and used as markers for the solid and liquid phase of digesta, respectively. The overall digestibility of the diets was determined using TiO 2 as a marker. Chromium-mordanted straw (15 g d ) were administered into the rumen in two equal portions at feeding times, and LiCo-EDTA (5 g d ) was infused continuously into the rumen from day 8 onwards on each period. Duodenal digesta spot samples (130 ml) were collected 4 times daily at 3 hour intervals between the morning and evening feedings on 3 consecutive days (18) (19) (20) to be pooled to cover the whole 12 h feeding period. Faecal grab samples were taken twice a day at feeding times during 5 days of each experimental period to be pooled to form one sample per each period. The chemical composition of digesta and faecal samples as well as markers used were analysed as described before (Vanhatalo et al. 1992 ) except for TiO 2 in faecal samples, which was analysed according to Brandt and Allam (1987) . Calculation of duodenal flow of nutrients was based on the amounts of Co and Cr excreted in the faeces. The flow of microbial N at the duodenum was estimated using purine bases of nucleic acids as a marker as described before ( Vanhatalo et al. 1992) . The contents of the purine bas-Vol. 15 (2006): 252-267. es in the microbial mass were analysed from duodenal samples collected on d 21 immediately before morning feeding and 4 and 8 hours thereafter. Differential centrifugation of the bacterial samples is described in detail elsewhere (Ahvenjärvi et al. 1999) .
Statistical analyses
Data were analysed by the standard analysis of variance appropriate for Latin square: cow (df 3), period (df 3), treatment (df 3) and the residual effects (df 6) were the sources of variation. Rumen fluid data were subjected to a split-plot analysis of variance for repeated measurements (Snedecor and Cochran 1967) . For treatment comparisons the sums of squares for experimental diets were further divided into single degree of freedom comparisons to study effects of silage type (grass vs. grass-red clover silages) and grain supplement (barley vs. oats) and their interaction (silage type × grain supplement).
Results
The chemical composition of experimental feeds and fermentation quality of silages are given in Table 1. The DM and CP concentrations of the experimental silages were similar but grass-red clover silage had lower concentrations of NDF and ADF and higher concentrations of minerals [calcium (Ca), magnesium (Mg)] as well as NDF-N as compared with grass silages. Both of the silages were restrictively fermented as indicated with low 
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concentration of fermentation acids and low proportions of ammonia N and soluble N in silage total N. However, red clover-containing silage had a higher content of WSC and lower contents of ammonia N and soluble N in total N than grass silage. Barley had higher CP and NDF-N concentrations but lower NDF and ADF concentrations than oats. Because of restricted feeding, intakes of experimental silages and concentrates were fairly similar among all diets ( Table 2 ). The small difference in silage DM intake originated from small amount of silage residues observed for grass silage diets. As the diurnal variation in rumen fermentation was consistent for most of the parameters measured rumen fermentation data are presented as means over the sampling times in Table 3 . Significant interaction (P < 0.001) between the sampling time and experimental diet was found for rumen pH and VFA concentrations owing to the lower pH and higher VFA concentrations during the latter part of the feeding interval (4 to 10 h after morning feeding) obtained for grass-red clover rather than grass silage diets ( Fig. 1) . Similarly, significant interaction (P < 0.05) was found for concentration of rumen ammonia due to the peak values obtained earlier for grass-red clover diets than for grass diets (2 vs. 3 h after the morning feeding). On average, rumen pH was lower (P < 0.05) and total VFA concentrations higher (P < 0.01) for grass-red clover diets as compared with pure grass silage diets while no difference (P > 0.10) was found between the silage diets in rumen ammonia N concentration. Silage type did not af- fect (P > 0.10) molar proportions of acetate, propionate or butyrate but proportion of isovalerate was higher (P < 0.01) for grass silage than grass-red clover silage diets. In relation to concentrate type total VFA concentration and molar proportions of butyrate and valerate were higher (P < 0.05) for barley than for oats diets. No significant interactions (P > 0.10) between silage type and grain supplement in organic matter (OM) or NDF digestion (Table 4) or any other parameter measured (Tables 3-6) were detected in this study. Intakes and amounts of OM entering to the small intestine were higher (P ≤ 0.01) for grassred clover than for grass silage diets resulting in a lower (P ≤ 0.10) apparent or true OM digestibility in the rumen with grass-red clover diets. However, digestibility of OM in the total tract was unchanged (P > 0.10) between the silage types. There were no differences in the OM intake between the barley and oats diets (P > 0.01), but amount of OM entering to the lower tract tended to be higher (P < 0.10), and apparent total digestibility of OM was lower (P < 0.01) for oats than barley diets. Intake and digestibility parameters of NDF in the rumen and total tract were similar (P > 0.10) for silage diets while intake of NDF and amount of NDF entering to the lower tract were higher (P ≤ 0.05) for oats than barley diets. Consequently, digestibility of NDF in the rumen and in the total tract was lower for oats than barley diets (P ≤ 0.05).
The small difference in silage DM intake observed between the silages was reflected as a slightly higher (P < 0.10) N intake with grass-red clover rather than grass silage diets (Table 5) . Except for ammonia N, the flows of the nitrogenous fractions such as microbial and feed N entering to the small intestine were higher (P ≤ 0.05) for grassred clover diets than for grass silage diets. This led to a lower (P < 0.05) degradability of feed N in the rumen of grass-red clover diets as compared with grass silage diets. However, apparent digestibility of N in the total tract was unchanged (P > 0.10) between the silage diets. Efficiency of microbial protein synthesis expressed per kg apparently or truly digested OM in the rumen was higher (P < 0.05) for grass-red clover diets than for grass silage diets but unchanged if expressed per kg of Volatile fatty acids, mmol l -1 Fig. 1 . Effects of dietary treatments (■, grass silage + barley; , grass silage + oats; ▲, grass-red clover silage + barley; ▲ , grass-red clover silage + oats) on diurnal variations in rumen pH, ammonia and volatile fatty acids concentrations. digestible carbohydrates in the total tract. Intake of N was slightly higher (P < 0.05) for barley than oats diets but no significant differences (P > 0.10) in the flow of nitrogenous fractions entering to the small intestine were found between the concentrate diets. Excretion of N in the faeces was higher (P < 0.05) for barley than oats diets, and efficiency of microbial protein synthesis expressed per kg of digestible carbohydrates was higher (P < 0.05) for oats than barley diets. Both milk yield and energy corrected milk (ECM) yield as well as protein and lactose yields were higher (P ≤ 0.01) for grass-red clover diets than for grass silage diets (Table 6 ). Silage type did not affect (P > 0.10) milk fat, protein and urea concentrations. Lactose concentration was, however, higher (P < 0.01) for grass-red clover diets as compared with grass silage diets. Proportions of C 10:0 to C 14:0 and C 18:3 in milk fat were higher (P < 0.05) for grass-red clover diets as compared with grass silage diets. Milk, ECM and lactose yields were higher (P ≤ 0.05) and milk protein concentration lower (P < 0.01) for oats than barley diets. Proportions of C 10:0 to C 16:0 in milk fat were lower (P ≤ 0.01) and proportions of C 18:0 , C 18:1 and unsaturated FA in total milk fat were higher (P ≤ 0.001) for oats than for barley diets. Organoleptic quality of milk was considered good on all experimental diets. However, estimates given to the milk samples originating from grass-red clover diets were slightly lower (P < 0.10) than those given to milk samples from grass silage diets.
Vol. 15 (2006) : 252-267. 3 NS, not significant; o, P ≤ 0.10; *, P ≤ 0.05; **, P ≤ 0.01. No significant interactions (P > 0.10) between silage type and grain supplement were detected in any of the parameters measured. 4 Calculated assuming endogenous non-ammonia N flow to the small intestine according to Hart & Leibholz (1990) . 5 Organic matter apparently digested in the rumen. 6 Organic matter truly digested in the rumen.
Discussion Silage composition
Both experimental silages were restrictively fermented in silo and of good fermentation quality as indicated by the low concentrations of fermentation acids and ammonia N as well as absence of butyric acid, all typical characteristics of silages ensiled with a high application rate of formic acid based additive (Jaakkola et al. 2006 ). The higher residual WSC content of grass-red clover than pure grass silage may be associated with the later harvest time of grass-red clover sward in autumn. The lower proportion of ammonia N and especially soluble N in silage N for grass-red clover silage rather than grass silage has often been shown when using a formic acid based additive (Thomas et al. 1985 , Heikkilä et al. 1992 , Tuori et al. 2002 and may reflect the loss of proteolytic activity due to the action of polyphenol oxidase system present in red clover (Jones et al. 1995, Sullivan and Hatfield 2006) . The proportion of red clover in the red clover-containing silage was 40% according to the botanical determination corresponding well with the higher Ca and Mg concentrations determined for grass-red clover silage than for grass silage.
Rumen fermentation and diet digestion
Grass-red clover vs. grass Higher rumen VFA concentration and lower pH as well as lack of differences in molar proportions of VFA with grass-red clover diets in comparison to 3 NS, not significant; o, P ≤ 0.10, *, P ≤ 0.05; **, P ≤ 0.01; ***, P ≤ 0.001 . No significant interactions (P > 0.10) between silage type and grain supplement were detected in any of the parameters measured.
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pure grass silage diets are consistent with previous findings (Dewhurst et al. 2003a, Bertilsson and Murphy 2003) . Red clover herbage in early-bloom may contain reserve polysaccharides in the form of starch nearly 8% in DM (McDonald et al. 1991) , and has possibly contributed to higher rumen VFA with grass-red clover silage. In our recent study (Kuoppala et al. 2005 ) it was also found that rate and extent of digestion of potentially digestible NDF was higher with red clover than with grass silage diets. The average rumen pH values of both silage diets were at or above the pH 6.0 to 6.1 sug-Vol. 15 (2006): 252-267. gested critical to the inhibition of cellulolysis as measured with sheep (Mould and Ørskov 1983) . Rumen pH of cows fed grass-red clover diets reduced, however, clearly below this threshold for many hours during the feeding interval (Fig. 1) . Despite the period of depressed rumen pH fibre digestibility of grass-red clover diets was not impaired in comparison to grass silage diets. For most of the time during the feeding interval rumen ammonia N concentrations were much higher than 5 mmol l -1 (Fig. 1) , which is shown to result in increased N losses from the rumen on grass silage based diets (Schwab et al. 2005) . On the other hand, a minimum rumen ammonia concentration was not lower than 3.4 mmol l -1 suggesting that most recommendations for minimal ammonia concentration for bacterial needs as reviewed by Schwab et al. (2005) were exceeded during a 12 h feeding interval. Numerically lower average rumen ammonia concentrations and lower proportions of isovalerate in VFA for grass-red clover than grass silage diets support lower protein degradability for grass-red clover silage diets as will be discussed later.
Oats vs. barley
Changes in rumen fermentation pattern owing to replacement of barley with oats were relatively small and fermentation pattern with a small proportion of propionate typical for cows given grass silage based diets (Huhtanen 1998) . Studies directly comparing oats and barley in terms of rumen fermentation in cattle are scarce. The higher VFA concentration in the rumen with barley than oats was in line with results of Harstadt and Nordheim (1996) and may be related to a higher starch content of barley than oats. Contrary to study of Harstadt and Nordheim (1996) no difference in rumen pH between barley and oats was found in the present study. Oats maintained higher rumen pH than barley in their study, where proportion of concentrate in the diet DM was over 60% as opposed to 40% in the present study. The slightly higher butyrate with barley in comparison to oats diets may be attributed to increases in the flow of protozoal N observed for barley-containing feeding (Ahvenjärvi et al. 2002) . As there were no changes in relation to rumen pH between the barley and oats diets, reduced rumen and total tract digestibility of OM and NDF with oats reflects higher intake of fibre inherent to oats diets. This is consistent with lower OM and fibre digestibility of oats than barley as measured in a series of digestibility trials with sheep (Heikkilä et al. 1988 ). The tendency for higher rumen than total tract NDF digestion with barley in comparison to oats diets suggests that virtually all NDF digestion in barley diets occurred in the rumen. This is in agreement with the results obtained from barley diets using omasal sampling technique combined with a triple-marker method in nutrient flow measurements (Ahvenjärvi et al. 2002) .
N metabolism

Grass-red clover vs. grass
The comparison of grass and red clover silage diets in terms of N metabolism is often confounded because of usually higher CP concentration and DM intake of the red clover diets. In the present study, silages made of pure grass or red-clover containing mixed sward with similar CP concentration and restricted rather than ad libitum feeding of cows were used. Thus, N intakes of grass (348 g d ) reflecting as 7 %-units lowered feed N degradability in the rumen of cows fed grass-red clover diets.
The lower feed N degradability in red clover in comparison to grass silage in vivo (Dewhurst et al. 2003a) or other forage legumes in vitro (Broderick and Albrecht 1997) has been found earlier and attributed to the action of the polyphenol oxidase (PPO) enzyme in red clover reducing proteolysis (Jones et al. 1995) . In a recent study, Sullivan and Hatfield (2006) demonstrated that combination of PPO and o-diphenol PPO substrates, both naturally present in red clover, is responsible for inhibiting postharvest proteolysis in red clover. It was
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also shown that reduced proteolysis was possible to attain even with lower levels of PPO than typically found in red clover provided that o-diphenol was supplied, and that this system was sufficient to mediate proteolytic inhibition also in plant extracts normally lacking these components. In the present study, the proportion of red clover in the silage was 40% proposing that inhibition of proteolysis is effective even when plant material is harvested from mixed sward of grasses and red clover. This may be of interest because reduction of rumen N losses has been shown to have the greatest potential to improve N utilisation on grass silage based diets (Huhtanen and Shingfield 2005) . Furthermore, unchanged total N digestibility between the silage diets suggests that inhibition of proteolysis in the rumen on grass-red clover diets did not impair post-ruminal N digestion in the present study.
The slightly higher microbial protein production in the rumen obtained with grass-red clover rather than grass silage diets may be explained for the most part with the lower ammonia and soluble N and higher residual WSC concentrations of grass-red clover than pure grass silage (94 vs. 59 g kg -1 DM) supplying amino acids and energy for rumen microbes. This together with slightly reduced OM digestion in the rumen resulted in a higher estimate of efficiency of microbial protein synthesis with grass-red clover diets. High residual sugar and low ammonia N concentrations in grass silage attained with a high application rate of formic acid has been shown to promote microbial production in the rumen (Jaakkola et al. 2006 ).
Oats vs. barley
Crude protein concentration of barley and oats may vary depending on agronomic practices such as use of N fertilisation level. In the present study, barley was higher in CP than oats resulting in a slightly higher CP intake with barley diets. However, the N digestion parameters such as non-ammonia N entering to the intestine between oats and barley diets were similar suggesting equal flow of amino acids (AA) to the small intestine for barley and oats. Numerically, in vivo rumen N degradability of barley diets was slightly higher than that of oats diets (0.69 vs. 0.66) despite a much higher proportion of soluble N in oats rather than in barley N (Van Soest 1994). Slightly higher estimates for the efficiency of microbial protein synthesis with oats than barley diets were related to reduced ruminal OM digestibility of oats diets rather than for any particular improvement in microbial protein synthesis. The effects of the composition of energy supplements on microbial protein synthesis on grass silage based diets have generally been small as reviewed by Huhtanen (1998) .
Milk production
Grass-red clover vs. grass
The milk yield of cows was rather low in the present study owing not only to the primiparous cows in mid-lactation but also to the lack of protein supplement in the concentrate supplement comprising solely of barley or oats. However, higher lactose, milk and ECM yields with grassred clover silages in comparison to pure grass silages are in good agreement with earlier results obtained from production trials (Heikkilä et al. 1992 , Randby 1992 , Tuori et al. 2000 , Dewhurst et al. 2003b , Bertilsson and Murphy 2003 . In these studies, the proportion of red clover in the silage varied in range of 0.26 to 0.70 and OM digestibility of the grass-red clover diet inconsistently from negative to positive in comparison to grass silage diets probably reflecting varying maturity stages of herbage at harvest between the trials. In the present study, higher milk yield was attained with silage containing 40% of red clover, and the OM digestibility of the grass-red clover and grass silage diets were similar. However, part of the increased production responses with red clover in the above mentioned production trials can be explained with consistently increased DM intake attributed to the ad libitum silage feeding. Present results with restricted feeding suggest that higher production responses to grass-red clover silages can not be explained solely by increased silage DM intakes but may also be associated with improved utilisation of feed nutrients.
In agreement with results of Randby (1992) and Dewhurst et al. (2003b) grass-red clover diet Vol. 15 (2006): 252-267. did not affect milk fat or protein concentrations in the present study. In other studies, it has reduced milk fat (Heikkilä et al. 1992 , Tuori et al. 2000 or protein contents (Heikkilä et al. 1992, Bertilsson and Murphy 2003) . Contrasting results may be related to differences in supply of nutrients due to variation in silage DM intake and rumen fermentation in various experiments. The present results are consistent with unchanged DM intake and rumen fermentation pattern between the comparable silages. Due to higher milk yield grass-red clover diet increased yield of milk protein as found also in some production trials (Dewhurst et al. 2003b, Bertilsson and Murphy 2003) . However, milk protein yield response of 35 g d -1 to higher post-ruminal non-ammonia N flows with grass-red clover diets calculated in terms of AA absorbed from the small intestine (MTT 2006) was only 20% compared with 51% or 61% observed for abomasally infused casein alone or together with glucose on grass silage based diets, respectively (Vanhatalo et al. 2003) . This may imply that despite enhanced AA supply with grass-red clover relative to pure grass silage diets, further milk protein synthesis was still limited by inadequate supply of individual AA such as histidine or methionine identified as a first-limiting AA on grass silage based diets the ranking varying between the experiments as reviewed by Chamberlain and Yeo (2003) . The low efficiency of use of additional AA for milk protein secretion may also be related to the use of plasma AA for hepatic glucose synthesis (Vanhatalo et al. 2003) . The low proportion of propionate in the rumen VFA, and the increased milk lactose concentration with grass-red clover silage diets may support this view in the present study.
That CP intake was similar between the comparable silage diets N efficiency in terms of milk-N/feed-N was slightly higher for grass-red clover than pure grass silage diets (27.2 vs. 26.3%) . This is consistent with results of Dewhurst et al. (2003b) demonstrating that despite higher CP concentration of red clover than grass silage changing from grass silage to a mixture of grass silage and red clover in three separate comparisons increased milk protein yields and thus led only to a little, if any, further loss of N efficiency. The present results support suggestion of Dewhurst et al. (2003b) of synergistic effect of the mixture of these forages on N efficiency. However, changing diet exclusively on red clover silage did not lead any further increases in milk protein yields but declined N efficiency markedly in these comparisons (Dewhurst et al. 2003b) . Consistently with this finding higher post-ruminal AA flow with pure red clover silage diets relative to pure grass silage diets was not realised as increased milk protein yields in our recent study (Vanhatalo et al. unpublished results) . Therefore, question arises whether combined PPO and o-diphenol system inherent to red clover (Sullivan and Hatfield 2006) may even impair efficiency of N utilisation on diets based exclusive use of red clover in dairy cow feeding. This question clearly merits further investigations.
Oats vs. barley
Consistently with earlier production trials (Moran 1986 , Heikkilä et al. 1988 , Martin and Thomas 1988 , Ekern et al. 2003 oats increased lactose and milk yields and decreased milk protein content in comparison to barley in the present study. Decreased milk protein content with oats has been found repeatedly and as there were not any differences in the non-ammonia N flow to the lower tract between these diets it may reflect the dilution of protein into the greater amount of milk produced with oats. Oats has also often reduced milk fat content (Heikkilä et al. 1988 , Martin and Thomas 1988 , Ekern et al. 2003 but in the present study milk fat content was unchanged similarly to some other studies (Moran 1986 , Tesfa et al. 1992 . This was consistent with only minor changes between barley and oats in rumen fermentation pattern, the slightly lower butyrate with oats being in harmony with a slight numerical difference in milk fat content between oats and barley (44.4 vs. 45.6 g kg -1
). Thus, the variation between the experiments in milk fat content may be explained with the variation in the forage:concentrate-ratio of the diets. Because the proportion of concentrate in the diet DM varied in range of 0.35-0.60 in the above trials it is possible that with higher concentrate levels higher amounts of long-chain FA within oats have inhibited de novo milk fat synthesis. Owing to Vanhatalo, A. et al. Responses of cows to grass-red clover diets variable effects on milk fat concentration oats in comparison to barley has either increased (Moran 1986 , present study) or more often has had no effect on ECM yield (Heikkilä et al. 1988 , Martin and Thomas 1988 , Tesfa et al. 1992 , Ekern et al. 2003 . As there were less digestible OM available on oats than barley diets, additional lipids in oats diets, improved efficiency of feed nutrient utilisation (1.36 vs. 1.29 kg ECM kg -1 feed DM intake) or possibly increased use of body reserves may be associated with the higher ECM yield obtained for oats in the present study.
Milk fat composition
Using grass-red clover rather than pure grass silage diet had minor effects on milk FA composition with small increases in the proportions of C10:0 to C14:0, and C18:3. This was in line with the effects of 1:1 mixtures of grass and red clover silages in comparison to pure grass silages (Dewhurst et al. 2003b ). Organoleptic quality of milk produced with red clover-containing silage was not much different from milk produced with pure grass silage. In the study of Bertilsson and Murphy (2003) the taste of milk containing red clover deviated more frequently from good quality milk than milk produced with perennial ryegrass.
In good agreement with other studies (Kankare and Antila 1984 , Martin and Thomas 1988 , Tesfa et al. 1992 , Ekern et al. 2003 feeding oats in replacement for barley led to reductions in the contents of C 10:0 to C 16:0 and increases in the contents of C 18:0 and C 18:1 in total milk FA. Given that oats was 3 %-units higher in crude fat than barley cows received 170 g d -1 more fat with oats than barley diets. Fatty acid composition of the feeds was not determined in the present study but using literature values for barley and oats (Martin and Thomas 1988) it can be calculated that the oats diets provided approximately 100 g d -1 more of C 18:1 and 50 g d -1 more of C 18:2 than the barley diets. This resulted in an increase of about 5 %-units of C 18:1 mainly at the expense of C 16:0 in total milk FA, changes that can be considered as beneficial for human health (Givens and Shingfield 2006) . Respective changes obtained with oats were more notable, even twofold, when higher concentrate levels were used in other studies (Martin and Thomas 1988, Ekern et al. 2003) demonstrating that beneficial changes in milk FA composition, attributable to those obtained with rapeseed supplements in the diet (Givens and Shingfield 2006) , can be obtained using oats rather than barley as grain supplement in dairy cow feeding. The results from the present and previous studies with oats represent low fat diets with fat concentration in the diet DM less than 5%. Given the increasing interest for enhancing beneficial FA in milk fat, further studies of the effects of oats in other dietary conditions on milk FA composition including a detailed analysis of C 18 isomers would be of particular interest.
Conclusions
Inclusion of red clover (40% in the silage) or replacement of barley with oats at moderate level of concentrate supplementation (40% of diet DM) had minor effects on rumen fermentation pattern on grass silage based diets. With equal DM and N intakes between comparable silage diets grass-red clover diet increased non-ammonia N flow entering to the small intestine. Increased N flow comprised of dietary rather than microbial N reflecting reduced N degradability in the rumen of cows fed grass-red clover diets. Because this was associated with increased protein yield and slightly increased efficiency of conversion of feed N into milk N it is suggested that silage prepared from mixed grassred clover sward may have positive synergistic effect on N efficiency. However, efficiency of use of efficiency of use of nutrients was presumably limited by inadequate was presumably limited by inadequate supply of amino acids and/or glucose also on grass-red clover silage based diets. Feeding oats in replacement for barley reduced OM and fibre digestibility reflecting higher intake of fibre inherent to oats diets but did not affect post-ruminal N flow. Because inclusion of red clover and replacement of barley with oats in grass silage based diets pro-Vol. 15 (2006): 252-267. moted milk and ECM yields use of grass-red clover mixtures and oats could be favoured in dairy cow rations. This is further supported with increases in beneficial FA in milk fat attributable especially to use of oats in dairy cow feeding.
